Stereos elective synthesis of trans-1,l-dimethyl-1,2,3,4,4a,9,9a,10-octahydroanthracenes by Pal, Sitaram
Indian Journal of Chemistry
VoI.36B, July 1997, pp.548 - 552
Stereos elective synthesis of trans-I, l-dimethyl-I ,2,3 ,4,4a,9 ,9a, 10-
octahydroanthracenes
Sitaram Pal
Department of Organic Chemistry, Indian Association for the Cultivation of Science, Jadavpur, Calcutta 700 032,
India
Received 7 February 1997;accepted 28 February 1997
The stereoselective synthesis of trans-octahydroanthracenes la, 1b and 1e through the respective
ketones 6ta-c is described. The new ketones have been prepared in excellent yields from the corresponding
easily accessible gem-dimethylcyclohexanones 2a and 2b.
In an earlier paper' we reported a novel general
stereocontrolled synthetic route to linearly
condensed hydroaromatic systems, including some
trans-l,l-dimethyloctahydroanthracenes, by a
regioselective aryl radical cyclization. In parallel,
we have also developed simple stereoselective
synthesis of la-c through the corresponding trans-
ketones 6ta-c (Scheme I) by a non-radical
methodology.
An additional interest of this work was to have
the epimerisable precursor ketones, which are also
potential intermediates for a number of recently
characterised rearranged linear abietane diterpenoid
quinones'. Herein, the detailed account of the work
is presented.
The key intermediate gem-dimethylcyclo-
hexanones 2a3 and 2bJ, prepared by the reported
procedures, on olefination with an excess of
methylenetriphenylphosphorane in boiling toluene
under forcing conditions I,4 afforded the desired
olefins 3a and 3b in excellent yields (Scheme II).
The hydroboration of 3a and 3b with an excess of
diborane followed by oxidation with alkaline
hydrogen peroxide 4,5 gave the respective alcohols 4a
and 4b, fully characterised by elemental analyses
and spectral data. The oxidation of each of these
alcohols 4a and 4b with an excess of Jones reagent"
produced the corresponding acids Sa and Sb as thick
gum, which on cyclisation 4 with polyphosphoric
acid gave the epimeric mixtures of the respective
ketones 6ta and 6ca in a ratio of ca 80:20 (GC), and
6tb and 6cb in a ratio of ca 95:5 (GC) in 60-64%
overall yields from the respective alcohols. As
expected from the earlier results 7 on similar
systems, the epimerisation of each of these epimeric
ketones mixtures with sodium methoxide in
methanol gave the respective trans-ketones 6ta
(m.p. 93°C) and 6tb (m.p. 96-98°C). The IH NMR
spectral data of these ketones are in complete
conformity with their assigned structures. While the
assigned stereochemistry of the ketones 6ta and 6tb
were initially based on analogies of the greater
thermodynamic stability of similar anthracenoid
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{i) Sodium tcrt-pentoxide-Ph3P+Mel--toluene; (iij B2H6-THF; uu:
NaOH-H202: (iv) Jones reagent-CH3COCH3: (v) PPA; (yi) MeONa-
MeOIl
been chemically correlated with (±}-trans-methyl-l-
methyl-l ,2,3,4,4a,9,9a,10-octahydroanthracene-l-
carboxylateI.
Reduction of each of the pure trans-ketones 6ta
and 6tb with NaBH4 in EtOH gave epimeric
mixtures of the coresponding benzylic alcohols 7a
and 7b in a ratio of ca 70:30 and 75:25 (GC),
respectively. Finally, catalytic hydrogenolysis" of
the epimeric alcohols in the presence ofPd-C (1O%)
gave the octahydroanthracenes la and Ib, identical
(IH NMR, IR and GC) with the samples prepared by
the radical cyclisationI. The intermediate trans-
ketone 6tc, which was reported" from our laboratory
in the first total synthesis of the rearranged linear
abietane diterpenoid, umbrosone, has also been
transformed to the known anthracene derivative lc
by an identical sequence (Scheme I).
Scheme II
In conclusion, the simple sequence of reactions
developed in our laboratory have been extended for
the stereoselective synthesis of some octahy-
droanthracene derivatives.
Experimental Section
General. The compounds described are all
racemates. Melting points reported were taken in
open capillary tubes in sulfuric acid bath and are
uncorrected. IR spectra were recorded on a Perkin-
Elmer PE 298 spectrometer, IH NMR spectra were
taken at 60 MHz on a Varian T-60A spectrometer
and at 200 MHz on XL 200 spectrometer with
SiMe4 as internal standard (chemical shifts in 0,
ppm).
2-Benzyl-3, 3-dimethyl-l-methylenecyclohexa-
ne 3a. A suspension of methyl triphenyl phosphoni-
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urn iodide (28 g, 69.3 mmol) in dry toluene (8 mL)
and freshly prepared sodium-r-pentoxide (54 mL,
1.5 mol in tolune) was stirred at room temperature
(25-30°C) for 20 min. To this stirred solution the
ketone 2a3 (5 g, 23.14 mmol) in toluene (4 mL) was
added dropwise and was refluxed for 2 h. After
quenching with NH4CI solution the organic mass
was extracted with ether, washed with aq. NH4CI,
water and dried (Na2S04). Removal of the solvent
afforded an oil which was immediately filtered
through a short column of silica gel (10 g) in Et20-
light pet. ether (1: 19). The eluant was evaporated to
give an oil which was dissolved in light pet. ether
(10 mL); Mel (5 mL) was added to this solution.
Left at room temperature for 1 h, filtered off the
precipitated salt and filtrate was concentrated in
vacuuo to afford the pure alkene 3a (4.46 g, 91%).
Analytical sample was prepared by evaporative
distillation (b.p. 140-145°C at 0.2 mm); IR (neat):
1640, 1600 cm'; IH NMR (60 MHz, CDCI3): 1.0
(6H, s, 2x-C-CH3), 1.13-2.21 (7H, m, methylenes
and methine), 2.51 (1H, d, j=14 Hz, one benzylic),
2.82 (IH, dd, j=14 and 4 Hz, one benzylic), 4.23
(1H, brs) and 4.56 (IH, brs, -C=CH2), 7.00-7.16
(5H, m, ArH) (Found: C, 89.43; H, 10.57. CI6H22
requires C, 89.65; H, 10.35%).
2- (3-Methoxybenzyl)-3, 3-dimethyl-I-methyle-
necyclohexane 3b. Compound 3b was obtained
from the ketone 2b3 (5 g, 20.32 mmol) as a colour-
less liquid (4.31 g, 87%), b.p. 160-165°C at 0.2 mm;
IR (neat): 1640, 1610 em"; IH NMR (60 MHz,
CCI4): 1.0 (6H, s, 2x-C-CH3), 1.30-2.33 (7H, m,
methylenes and methine), 2.30-2.93 (2H, m,
benzylic), 3.70 (3H, s, ArOCH3), 4.30 (1H, brs) and
4.60 (IH, brs, -C=CH2), 6.56-6.70 (3H, m, ArH),
6.94-7.10 (lH, m, ArH) (Found: C, 83.36; H, 9.86.
C17H240 requires C, 83.55; H, 9.90%).
2-Benzyl-3, 3-dimethyl-I-hydroxymethylcyclo-
hexane 4a. To a cold solution (O°C) of the olefin 3a
(3.2 g, 14.95 mmol) in dry THF (15 mL) diborane
gas [prepared from NaBH4 (3.0 g), and BF3.Et20
(9.9 mL) in diglyme (15 mL)] was passed with N2
steam for 2 h. After carefully quenching with few
drops of water in cold (10-15°C), 3 N NaOH
solution (65 mL) was added. To the stirred cold (10-
15°C) reaction mixture (30%) (v/v) H202 (50 mL)
was added dropwise during 15 min. After 30 min
another 25 mL of H202 was added and left fos
overnight. It was extracted with Et20, dried
(Na2S04) and removal of the solvent gave an oil.
This was further purified by evaporative distillation
to afford 4a (3.26 g, 94%), b.p. 175°C at 0.2 mm; IR
(neat): 3450, 1600 cm': IH NMR (60 MHz, CCI4):
0.92 (3H, s, -CH3), 1.06 (3H, s, -CH3), 1.24-2.40
(9H, m, methylenes -OH and methine), 2.48-2.86
(2H, m, benzylic) 2.34-3.60 (2H, m, -CH20H), 7.24-
7.40 (5H, m, ArH) (Found: C, 82.66; H, 10.62.
CI6H240 requires C, 82.70; H, 10.41%).
2- (3-Methoxybenzyl)-I-hydroxymethylcyclo-
hexane 4b. Alcohol 4b was obtained from olefin 3b
(3.5 g, 14.34 mmol) as a colourless liquid (3.34 g,
89%), b.p. 185°C at 0.2 mm; IR (neat): 3450, 1610
ern"; IH NMR (60 MHz, CCI4): 0.89 (3H, s, CH3),
1.07 (3H, s, CH3), 1.12-1.67 (7H, m), 1.70-1.97 (2H,
m), 2.46-2.67 (2H, m), 3.39 (2H, bd, -CH20H), 3.72
(3H, s, ArOCH3), 6.40-6.80 (3H, m, ArH), 7.0 (1H,
dd, j=6 and 1 Hz, ArH) (Found: C, 77.63; H, 9.82.
C17H2602 requires C, 77.82; H, 9.99%).
trans-L, 2, 3, 4, 9,9a-Hexahydro-I,I-dimethy-
lanthracen-IO(4aH)-one 6ta. To a stirred cold (5-
10°C) solution of the alcohol 3a (3.20 g, 13.79
mmol) in dry acetone (50 mL), Jones reagent" (4.4
mL, 12 mmol) was added dropwise till the reagent
colour persisted. Stirring in the cold was continued
for 45 min and diluted with brine. The reaction
mixture was extracted with Et20 and the aq. portion
was acidified with 6 N HCI and the liberated acid
was repeatedly extracted with Et20, washed with
water and dried (Na2S04). Evaporation of the
solvent afforded the crude acid Sa (2.2 g) as a thick
mass; IR (neat): 1705, 1600 cm-I. The acid was used
directly in the next step.
To a well stirred homogeneous solution of PPA
lP205 (50 g) H3P04 (20 mL)] the acid Sa was added
(2.2 g) and was heated at 80-85°C in an oil bath for
2 h. The reaction mixture was poured onto crushed
ice, extracted with Et20 and the ether extract
washed successively with water, 2% aq. NaOH, and
water and dried (Na2S04)' Removal of solvent
afforded a solid mass (1.7 g, 64%). IH NMR
showed it to be a mixture of two isomers in a ratio
of ca 1:4. Chromatography of this mixture over
silica gel (25 g) afforded the major isomer 6ta
(trans) as a colourless solid, m.p. 93°C (Et-Ospet.
ether). The remaining mixture was treated with 10%
methanolic MeONa for 2.5 h, diluted with water
acidified with 6 N HCI and extracted with Et20.
This on removal of solvent afforded pure trans-
ketone only, m.p. 93°C (ether-pet. ether); IR (KBr):
1670, 1600 ern"; IH NMR: (200 MHz, CDCI3) 1.0
(3H, s, CH3), 1.07 (3H, s, CH3), 1.12-1.84 (6H, m),
2.42-2.52 (2H, m), 2.84 (lH, d, j=12 Hz), 3.0 (lH,
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dd, J=14 and 4 Hz), 7.24-7.40 (2H, m, ArH), 7.44-
7.58 (IH, m, ArH), 8.06 (lH, bd, ArH) (Found: C,
84.02; H, 8.58. CI6H200 requires C, 84.16; H,
8.33%).
trans-A, 2,3,4,9, 9a-Hexahydro-l, l-dimethyl-
7-methoxyanthraeen-9-(4aH)-one 6tb. The acid
5b (2.3 g, 74%) was obtained from the alcohol 3a
(3 g, 11.4 mmol) on oxidation with Jones reagent as
described for 3a. The acid 5b was cyclised as
described above to afford a ketonic product (1.9 g)
in a ratio of ca 19:1 mixture of trans and cis-isomers
(from IH NMR). Chromatography over silica gel
(25 g) afforded the trans-isomer 6tb (1.74 g, 82%)
as the only isolable product, m.p. 96-98°C (ether-
pet. ether); IR (KBr)~1675, 1610 ern"; IH NMR (60
MHz, CCI4): 0.97 (3H, s, CH3), 1.06 (3H, s, CH3),
1.23-1.67 (8H, m), 2.67-2.96 (2H, m), 3.98 (3H, s,
ArOCH3), 6.60-6.89 (2H, m, ArH), 7.94 (lH, d, J=8
Hz, ArH) (Found: C, 79.22; H, 8.41. C17H220
requires C, 79.03; H, 8.58%).
trans-I, 2, 3, 4, 4a, 9, 9a, 10-Oetahydro-l,1-
dimethylanthraeen-lO-ol 7a. To a stirred solution
of the ketone 6ta (700 mg, 3.07 mmol) in 95%
EtOH (40 mL), NaBH4 was added, stirring was
continued for 2 h and left overnight. Quenched with
water, extracted with ether and washed with brine.
Removal of the solvent gave the trans-hydroxy
compounds 7a (650 mg, 92%) as a colourless liquid
in an epimeric mixture of70:30 (from IH NMR); IR
(neat): 3365, 1600 em"; IH NMR (60 MHz, CCI4):
0.96 and 1.05 (s, CH3 for major isomer), 1.10-l.61
(m, methylenes and methine), 2.56-2.86 (m,
benzylic), 4.06-4.45 (m, -CHOH and -OH), 6.93-
7.20 (m, ArH) (Found: C, 83.62; H, 9.51. CI6H220
requires C, 83.43; H, 9.63%).
trans-A, 2, 3, 4 ,4a, 9, 9a, 10-Octahydro-l, 2-di-
methyl -7 -methoxyanthracen- 10- 01 (7b). The
epimeric mixture (75:25, IH NMR) of alcohols 7b
(718 mg, 95%) was obtained as a liquid from ketone
6tb (750 mg, 2.90 mmol). IR (neat): 3365, 1610
em"; IH NMR (60 MHz, CCI4) 0.98 and 1.09 (s,
CH3, for major isomer), 1.15-1.86 (m, methylenes
and methine), 2.50-2.80 (m, benzylic), 3.70 (s,
ArOCH3, for major), 3.72 (S, ArOCH3 for minor),
4.10-4.51 (m, CHOH and -OH), 6.37-7.33 (m, ArH)
(Found: C, 78.55; H, 9.36. C17H2402 requires C,
78.42; H, 9.29%).
trans-L, 2 ,3 ,4, 4a, 9, 9a, lO-Oetahydro-l, l-di-
methyl-6-methoxyanthraeen-lO-ol (7e). The
epimeric mixture (70:30 IH NMR) of the alcohol 7c
(690 mg, 92%) was obtained as a liquid from ketone
6te9 (750 mg, 2.90 mmol); IR (neat): 3350, 1610
cm'!. IH NMR (60 MHz, CC14)0.94 and 1.06 (s,
CH3 for major isomer), 1.15-1.82 (m, methylenes
and methine), 2.32-2:-82 (m, benzylic), 3.69 (s,
ArOCH3 for major), 3.71 (s, ArOCH3 for minor),
4.09-4.41 (m, -CHOH and -OH), 6.31-7.12 (m,
ArH) (Found: C, 78.65; H, 9.26. C17H2402 requires
C, 78.42; H, 9.29).
trans-L, 2,3, 4,4a, 9,9a, 1O-Octahydro-l , l-di-
methylanthraeene la. The epimeric mixture of the
alcohols 7a (200 mg, 0.86 mmol, 70:30) in ethanol
(30 mL)was hydrogenated at room temperature and
atmospheric pressure over Pd-C (10%, 30 mg) for 3
h in the presence 70% aq. HCI04 (0.2 ml). It was
cautiously neutralized with Na2C03 and filtered off.
Removal of the solvent under reduced pressure
followed by short-path filtration through neutral
alumina (15 g) in pet. ether afforded the trans-
hydrocarbon 1 (169 mg, 91%) as colourless oil,
identical by CC, H NMR and IR with the sample
reported earlier by Pal et a/. I.
trans-Y, 2, 3, 4, 4a, 9a, lO-Octahydro-l,l-
dimethyl-7-methoxyanthraeene lb. The epimeric
alcohol 7b (200 mg, 0.76 mmol) was converted to
hydrocarbon lb (174 mg, 93%), identical with (GC,
IH NMR, IR) the sample reported earlier by Pal et
a/. I.
trans-I, 2,3,4, 4a, 9, 9a, lO-Octahydro-l, l-di-
methyl-6-methoxyanthracene lc. The epimeric
alcohol 7c (200 mg, 0.76 mmol) was converted to
hydrocarbon l c (177 mg, 95%) identical (GC, IH
NMR, IR) with the sample reported earlier by Pal et
al.l.
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